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INTRODUCTION 
What was originally an inspection technique for large-
scale defects has become an increasingly miniaturized method. 
Originally, the use of eddy currents for nondestructive 
evaluation was limited to gross defects in massive structures 
such as railroads and ship hullsi today, eddy current 
techniques are routinely used to detect sub-millimeter cracks. 
Unfortunately, the trend towards miniaturization creates a 
practical dilemma. To achieve greater resolution and 
sensitivity, eddy current probes must be made smaller. As 
probes become smaller, the amount of time needed to completely 
cover an inspection area escalates. As with other NDE 
modalities, one solution proposed to resolve the conflict 
between productivity and sensitivity is the use of eddy 
current arrays. An array of many elements could easily 
decrease the required inspection time by an order of magnitude 
without sacrificing the high-resolution capabilities of 
smaller probes. The advantages of array inspection are thus 
quite attractive, and interest is increasing. However, 
practical implementation of eddy current arrays requires 
careful attention to a number of details, including element-
to-element uniformity, size versus sensitivity, and electrical 
interactions (crosstalk) . 
We have developed a multi-element eddy current array for 
high-resolution defect detection in industrial alloys, as weIl 
as accompanying eddy current acquisition electronics. This 
paper will describe the experimental methods used to evaluate 
different array designs, and show some experimental results 
which indicate the array element characteristics. 
SYSTEM CONCEPTS 
Arrays 
The GE eddy current arrays are fabricated using a 
photolithographic technique. By working closely with the 
fabrication facility, we have been able to produce several 
array design iterations. These iterations have made it 
possible not only to improve our designs, but also to 
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experiment with a range of array designs, for example varying 
the coil diameter or number of turns. As an indication of 
scale, typical sensor sizes are roughly equivalent to that of 
small, commercially available probes (1-2 mm diameter). As 
part of our development, the individual sensor elements have 
been connected in both absolute and differential 
configurations, although only differential data is shown in 
this paper. The arrays were designed to operate with an 
oscillator frequency from 1 to 10 MHz, and perform reasonably 
weIl throughout the range. The coils can be designed to 
contain multiple turns. Currently, we have created arrays 
with as many as 25 elements. (For simplicity, data shown here 
represent an array with only six elements.) 
In some schemes, the array is envisioned as a large 
(usually square) matrix of elements, which is simply placed on 
the inspection region while data is collected in a stationary 
position. One concern with this approach is ensuring complete 
sensor coverage of the entire region, while avoiding crosstalk 
between closely spaced elements. We have opted for a slightly 
different data collection scheme, in which a linear array is 
used in conjunction with one-dimensional scanning. Fewer 
sensor elements (and therefore less electronic complexity) are 
needed to obtain complete coverage of the region of interest. 
An additional advantage to this technique is that the size of 
the scan increment (space between data points) can be adjusted 
to provide as much resolution or data redundancy as needed. 
Therefore, the GE arrays are composed of two or more staggered 
rows of elements, arranged so that regions of lower 
sensitivity in one row will overlap with the most sensitive 
regions in the adjacent row. In this way, complete coverage 
of the inspection area is ensured. 
ACQJlisition electronics 
For practical implementation of eddy current arrays, it 
is necessary to develop not only the actual sensing arrays, 
but also appropriate electronics. Simply replicating single-
probe eddy current electronics for each array element is not a 
practical solution due to both cost and space considerations. 
A more flexible alternative is to multiplex the elements. In 
this case, electronic switching "scans" through the individual 
elements, and data is collected sequentially from each element 
using only one eddy current signal detector, amplifier, 
digitizer, etc. Although this method requires less equipment, 
possible drawbacks include increased electronic switching 
noise, crosstalk, and slower acquisition rates. 
As a compromise between these two extremes, the 
electronic system we have developed at GE-CRD is a 
multichannel, multiplexing system. The system consists of 
several "channels" (i.e., complete set of eddy current 
detection electronics) through which data is acquired in 
parallel. In addition, each channel can be multiplexed so 
that several array elements are addressed sequentially or in 
series. This means that the system electronics can 
accommodate many more elements than the number of hardware 
channels, but the amount of time for multiplexing is 
decreased. The electronics consist of aseries of custom 
CAMAC modules designed at GE-CRD. Acquisition parameters such 
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as amplifier gain are computer-controlledi they are accessed 
through data acquisition software which also interfaces with a 
manipulator for motion control. The modular electronics, 
sOftware-adjustable controls, and multichannel/multiplexing 
capabilities make this system extremely versatile and 
flexible. It can be easily reconfigured as changes occur to 
accommodate new array designs or different acquisition 
techniques. Thus, it is weIl suited as a laboratory tool for 
eddy current array development. 
EXPERIMENTAL RESULTS 
The eddy current arrays and array acquisition system 
described above have been used in two different configurations 
to collect experimental data. Single-element imaging uses 
only one element of the array to create a two-dimensional eddy 
current image. This technique is identical to previous 
descriptions of eddy current imaging with a single probe 
[1,2]. The array element is scanned in two directions and the 
eddy current signal is digitized at each position in the two-
dimensional image grid. Array scanning involves use of a full 
array with several sensing elements. The array is scanned in 
a one-dimensional sweep across the region of interest. Data 
is acquired simultaneously from several elements, for each 
position in the sweep. Figure 1 depicts the concepts behind 
each acquisition method. Both methods provide useful -- and 
complementary -- information for the development and 
evaluation of eddy current arrays. Below, we present data 
obtained with each technique, and discuss what can be learned 
about array design and performance. 
Single-element imaging 
This method uses only one element of the array to create 
a two-dimensional picture of the eddy current signal, and is 
therefore similar in concept to previously described eddy 
current imaging techniques. Figures 2-4 show the images 
created with a single GE array element for several defects in 
flat plates of industrial materials (0 = 1% IACS). In all of 
the images, the long dimension of the defect lies parallel to 
the scan horizontal direction, as indicated in Fig. l(a). 
(For simplicity in presentation, the phase of the eddy current 
signal was adjusted so that the defect signal was maximized in 
one component of the signal. The figures show only this 
component.) Each image comprises a 64 x 64 array acquired at 
0.004" intervals, so that the total scan area is approximately 
0.25" x 0.25". As is typical with a differential 
configuration, the probe shows a bipolar response to each 
defect as first one and then the other coil is positioned over 
the defect. Figure 2 represents the signals caused by a 
machined notch of dimensions 0.030" L x 0.015" D x 0.003" W 
(0.76 L x 0.38 D x 0.08 W mm3). The signals from the smallest 
EDM notch available -- 0.010" L x 0.005" D x 0.003" W (0.25 L 
x 0.13 D x 0.08 W mm3) -- are shown in Fig. 3. Figure 4 is an 
image created by scanning over a piece of metal in which a 
man-made fatigue crack had been initialized. Examination of 
the test piece by the manufacturer indicates that the length 
of the crack is approximately 0.024" (0.61 mm). Destructive 
1139 
testing of other test pieces created at the same time suggests 
that the crack depth is most likely about one-fourth the 
length, or approximately 0.006" (0.15 mm) deep. 
Single-element images such as these shed light on many 
aspects of array design and use. On a fundamental level, the 
images simply reveal whether the array's specific arrangement 
of drive and sense coils is capable of producing sufficient 
eddy current signal for practical use. As the strong signals 
in Figs. 2-4 prove, this particular design clearly possesses 
the necessary sensitivity, even for very small defects. 
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Fig. 1. Schematic representation of different techniques for 
data acquisition with eddy current array elements. 
(a) Single-element imaging, in which only one array 
element is used to create a two-dimensional image. 
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(b) Array scanning, in which a full array of several 
elements is scanned in a one-dimensional motion. 
Fig. 2. Eddy current grayscale image and surface plot of a 
0.030 u L x 0.015 u D x 0.003 u W machined noteh. The 
long dimension of the notch lies in the horizontal 
direction. The image represents an area of 0 . 25 u x 
0.25 u (64x64 pixels with 0.004" between data points). 
The image was acquired with a single array element. 
Fig. 3. Grayscale image and surface plot for a O.OlOu L x 
0.005 u D x 0.003 u W machined noteh. The image size, 
as well as all acquisition parameters, are the same 
as in Fig. 2. This image is not displayed to the 
same scale as that in Fig. 2; the scale represents 
maximum dynamic range. 
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Fig. 4. Grayscale image and surface plot for a 0.024" L x 
0.006" D (est . ) fatigue crack. The image has been 
displayed to present maximum dynamic range. 
Perhaps more important than overall signal size is the 
signal-to-noise ratio (SNR) of the defect signal to background 
signals caused by surface or material irregularities, 
mechanical noise, etc. An image-based SNR calculation was 
performed for each of the images in Figs. 2-4. In the 
calculation, the SNR was defined as the peak-to-peak amplitude 
of the defect signal divided by the standard deviation in 
relatively uniform background regions . The calculated SNR 
values are as foliows: for the 0.030" L x 0.015" D notch 
(Fig. 2), SNR=751; for the 0.010" L x 0.005" D notch (Fig. 3), 
SNR=102; and for the fatigue crack (Fig. 4), SNR=44 . As 
expected, the SNR decreases as the defect size decreases; but 
even for the smallest defec t, the values are excellent. 
Other array information that can be obtained from a 
single-element image includes characteristics of the probe's 
"footprint", or spatial extent of response. Understanding a 
design's footprint can prove invaluable in interpreting 
signals due to less regular sources than machined notches with 
a known orientation. In addition, images of the same defect 
created with different elements in the same array can be 
compared to provide furt her design information. For instance, 
a measure of the uniformity between different elements in one 
array can be achieved by comparing the signal peak-to-peak 
values for each element. Typically, individual elements in a 
GE array respond nearly the same, with variations of less than 
10 %. Experiments indicate that this level of element-to-
element uniformity is probably due to irregularities in the 
electrical interconnections and mounting positions, and is not 
caused by variations in the array fabrication process . 
Arra;r scannin9 
A second means of data acquisition involves making a 
single sweep of a full, multi-element array in a one-
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Fig. 5. Array scan data sets for a 0 . 030" L x 0 . 015" D x 
0.003" W maehined noteh in a flat metal plate. The 
relative positions of the array elements and the 
not eh (approximately) are indicated. Eaeh of the 6 
seans eontains 64 data points taken at 0.004" 
intervals for a total sean length of 0.25". 
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dimensional scan, as indicated in Fig. l(b). At each position 
in the scan, data from each individual array element is 
acquired simultaneously. Thus, the resulting data is a set of 
linescans that represent the eddy current signal versus 
position (or equivalently, signal versus time) for each array 
element. Figure 5 contains two sets of such array scan data. 
Both sets were acquired using six elements of a GE array 
scanned across a flat metal plate, containing a machined notch 
0.030" L x 0.015" D x 0.003" W (0.76 L x 0.38 D x 0.08 W mm3). 
The relative positions of the notch and the array elements are 
indicated for each data set. 
In the first scan in Fig. 5, the notch passes directly 
under one array element (labeled #3) and almost misses two 
others (#2 and #4). The signal from element #3 is quite 
strong, and there is a weaker indication from #4 (and perhaps 
#2). In the second scan, the array is oriented so that the 
notch passes under two elements (#3 and #4), but not under the 
most sensitive region of either. The signals for element #3 
and #4 are roughly equal in amplitude. (The indications are 
both positive and negative, due to the elements' differential 
nature.) These two extremes (as well as further experiments) 
show that the array will detect the notch regardless of its 
position -- in other words, it provides adequate coverage for 
a given inspection area. Experiments also reveal that in 
every case, at least two neighboring elements will detect the 
notch to some degree. Further discussion of array issues 
such as coverage are contained in a companion paper in this 
volume [3]. 
CONCLUSIONS 
We have developed aseries of eddy current arrays as well 
as a data acquisition system for them. The array elements, 
which are constructed to approximately the same scale as 
commercially available single probes, are capable of detecting 
very small defects in low-conductivity industrial materials. 
Several array designs have been evaluated, using both single-
element imaging methods and one-dimensional scanning of a full 
array. Both types of data show that the array elements 
possess excellent signal-to-noise characteristics and good 
element-to-element uniformity. These results are promising 
for implement at ion of an eddy current array in an industrial 
application. A key area of future work involves further 
experimentation and analysis to gain a better understanding of 
the one-dimensional scan data, for accurate defect detection. 
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